BearWorks
MSU Graduate Theses
Summer 2019

Yoga to Decrease the Stress Response: Gentle Yoga Encourages
Faster Decline in Salivary Cortisol Concentrations Following
Participation in TSST
Tabetha Gaile Hopke
Missouri State University, Tabetha6789@live.missouristate.edu

As with any intellectual project, the content and views expressed in this thesis may be
considered objectionable by some readers. However, this student-scholar’s work has been
judged to have academic value by the student’s thesis committee members trained in the
discipline. The content and views expressed in this thesis are those of the student-scholar and
are not endorsed by Missouri State University, its Graduate College, or its employees.

Follow this and additional works at: https://bearworks.missouristate.edu/theses
Part of the Alternative and Complementary Medicine Commons, Biological Psychology
Commons, and the Health Psychology Commons

Recommended Citation
Hopke, Tabetha Gaile, "Yoga to Decrease the Stress Response: Gentle Yoga Encourages Faster Decline in
Salivary Cortisol Concentrations Following Participation in TSST" (2019). MSU Graduate Theses. 3436.
https://bearworks.missouristate.edu/theses/3436

This article or document was made available through BearWorks, the institutional repository of Missouri State
University. The work contained in it may be protected by copyright and require permission of the copyright holder
for reuse or redistribution.
For more information, please contact BearWorks@library.missouristate.edu.

YOGA TO DECREASE THE STRESS RESPONSE: GENTLE YOGA ENCOURAGES
FASTER DECLINE IN SALIVARY CORTISOL CONCENTRATIONS
FOLLOWING PARTICIPATION IN TSST

A Master’s Thesis
Presented to
The Graduate College of
Missouri State University

TEMPLATE

In Partial Fulfillment
Of the Requirements for the Degree
Master of Science, Psychology

By
Tabetha Gaile Hopke
August 2019

Copyright 2019 by Tabetha Gaile Hopke

ii

YOGA TO DECREASE THE STRESS RESPONSE: GENTLE YOGA ENCOURAGES
FASTER DECLINE IN SALIVARY CORTISOL CONCENTRATIONS
FOLLOWING PARTICIPATION IN TSST
Psychology
Missouri State University, August 2019
Master of Science
Tabetha Gaile Hopke

ABSTRACT
Short-term, activation of the human stress response system is beneficial as it prepares the body to
deal with stressors at hand (McEwen & Stellar, 1993). If this system is overactive or chronically
active however, it can negatively impact health and longevity (Cohen, Janicki-Deverts, & Miller,
2007). According to a review conducted by Ross & Thomas (2010) implementation of a yoga
practice has been shown to down-regulate the stress response system. The present study aimed
to expand on current research involving yoga for stress reduction by exploring whether
participation in gentle yoga could decrease the stress response more quickly than naturally
occurs after psychological stress exposure. Participants were exposed to a psychological stress
test, then randomly assigned to take part in a gentle yoga sequence or watch a neutral video.
Analyses through independent sample t-tests indicated faster decline in salivary cortisol
concentrations from initial stress response for participants that took part in gentle yoga. Results
suggest participation in a gentle yoga practice helps decrease the stress response more quickly
than occurs naturally following psychological stress exposure.
KEYWORDS: yoga, stress, TSST, cortisol, stress response, stress reduction, gentle yoga
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INTRODUCTION

Short-term, activation of the human stress response system is beneficial as it prepares the
body to deal with stressors at hand (McEwen & Stellar, 1993). If this system is over-active or
chronical active however, it can negatively impact health and longevity (Cohen, Janicki-Deverts,
& Miller, 2007). Therefore, finding methods to decrease the stress response when no longer
necessary could be beneficial to overall well-being. One simple, non-invasive treatment that has
been suggested to help calm the stress response system is participation in yoga (Ross & Thomas,
2010).

Human Stress Response
The human stress response system is a complex and intertwined network which responds
to anything the body perceives as causing harm or having the potential to cause harm, referred to
here as ‘stressors’ (Selye, 1950). This means that the stress response system is activated with
exposure to both physical stressors (i.e., blood loss, pain, etc.) and psychological stressors (i.e.,
public speaking, test taking, etc.) (Ulrich-Lai & Herman, 2009). The process by which the body
deals with stressors, through activation of the stress response system, is often referred to as
‘allostasis’ (Sterling & Eyer, 1988). In this process, when either physical or psychological
stressors are perceived, the brain stem (physical stressors) and/or limbic system (psychological
stressors) will signal the hypothalamus to initiate a stress response (Chrousos, 2009). The two
main pathways that are activated in this response are the autonomic nervous system (ANS) and
the hypothalamic-pituitary-adrenal (HPA) axis (McEwen, 1998).
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The Autonomic Nervous System (ANS) is the first to respond when a stress response is
initiated; this response occurs almost immediately and is acute in nature (Ulrich-Lai & Herman,
2009). The ANS consists of the sympathetic nervous system (SNS) and the parasympathetic
nervous system (PSNS). The SNS is the branch of the ANS activated when a stimulus is
perceived as a stressor. This system puts the body in a state of ‘fight or flight’ to prepare for
strenuous activity through increase in heart rate and vasoconstriction in smooth muscle to direct
resources to skeletal muscle (McCorry, 2007). The PSNS works to put the body in a state of
‘rest and digest’ through decreased heart rate and direction of resources to systems for bodily
maintenance (McCorry, 2007). The PSNS also works to deactivate the SNS when stress
response is no longer necessary (Ulrich-Lai & Herman, 2009). These systems communicate at
many points to regulate this stress response (Ondicova & Mravec, 2010; Ulrich-Lai & Herman,
2009).
The hypothalamic-pituitary-adrenal (HPA) axis produces a slower response, but one that
lasts longer and is more controlled than that of the ANS (Ulrich-Lai & Herman, 2009). When
the stress response is initiated, the paraventricular nucleus (PVN) of the hypothalamus
synthesizes and releases corticotrophin releasing hormone (CRH) to act on the anterior pituitary.
The anterior pituitary then releases adrenocorticotrophic hormone (ACTH) which acts on the
adrenal cortex to cause the release of cortisol into the bloodstream. The release of cortisol leads
to changes which allow access to oxygen and energy for those systems deemed necessary to deal
with stressors (Ulrich-Lai & Herman, 2009). The HPA axis is regulated through a negative
feedback mechanism in which the increase in free cortisol signals the initial HPA components to
cease release of hormones that would later lead to cortisol being released into the blood stream
(Chouros, 2009).
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Together the SNS and HPA axis work to create a very efficient stress response system,
with the SNS generating the initial stress response and the HPA axis following shortly after the
stress response may be maintained if necessary (Ulrich-Lai & Herman, 2009). Another feature
of these two components is that their effects can be influenced by the type of stressors
encountered. Where the SNS responds more effectively to physical stressors, the HPA axis
responds more effectively to psychological stressors (Ulrich-Lai & Herman, 2009). According
to Ulrich-Lai & Herman (2009) this is because physical stressors are immediately interpreted as
harmful, whereas psychological stressors require processing and interpretation of potential harm.
When functioning correctly, this process of allostasis is beneficial to regulating body
systems during stress exposure. Activation of the stress response system allows us to effectively
deal with any stressors that may be encountered (McEwen & Stellar, 1993). However, when this
system is activated frequently or for long periods of time, as occurs with chronic stress exposure,
it can lead to negative effects on both health and longevity (Cohen, Janicki-Deverts, & Miller,
2007; McEwen 1998; McEwen, 2008). This dysregulation of the stress response system has
been termed ‘allostatic load’ (Sterling & Eyer, 1988; McEwen, 1998), or ‘allostatic overload’
when resulting in disease (McEwen, 2008). According to McEwen (2008) allostatic overload
can lead to disease in the same systems regulated during allostasis including neural,
cardiovascular, autonomic, immune, and metabolic systems. In these systems, dysregulation of
allostasis contributes to increased risk of depression (Cohen, Janicki-Deverts, & Miller, 2007),
cardiovascular disease (Cohen, Janicki-Deverts, & Miller, 2007), neural degeneration (McEwen,
1998), autoimmune disease (Black, 1994), and Type II diabetes (Cohen, Janicki-Deverts, &
Miller, 2007; McEwen, 2008). With such vast consequences for over-all health due to over
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activation of this system, it is important to examine the stress response and interventions that
could assist in regulation of this response.

Trier Social Stress Test (TSST)
One way to evaluate the stress response and interventions is to examine how the response
decreases following activation. As psychological stress has the greatest contribution to chronic
dysregulation of this system (Cohen, Janicki-Deverts, & Miller, 2007), psychological stressors
are often used to initiate a stress response. However, some psychological stressors are more
effective at activating a measurable stress response than others (Dickerson & Kemeny, 2004). In
a meta-analysis conducted by Dickerson & Kemeny (2004) characteristics of psychological
stressors (i.e., uncontrollability, social-evaluative, cognitive task, etc.) and their influences on
cortisol concentrations were compared. Through this meta-analysis, it was determined that
situations in which “an important aspect of the self-identity is or could be negatively judged by
others" resulted in the largest and most reliable stress response (as measured through cortisol)
(Dickerson & Kemeny, 2004). This type of stress is termed ‘social-evaluative threat,’ and
includes tasks completed in front of an evaluative audience or those in which task performance is
comparison based (Dickerson & Kemeny, 2004). One well-established stressor that includes
social-evaluative threat is the Trier Social Stress Test (TSST).
The Trier Social Stress Test (TSST) was designed by Kirschbaum, Pirke, & Hellhammer,
1993) specifically to elicit a stress response through exposure to a social-evaluative threat. In the
original design, participants were not told about the task until arrival. After arrival, they
experienced a rest period in which baseline measures of cortisol were obtained. They were then
introduced to the task. After a 10-minute preparation period, participants were directed to a
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room with judges (‘managers’) and a recording system. Here, participants were asked to give a
five-minute speech for a mock job interview. Participants were directed to introduce themselves
and convince the ‘managers’ that they were the perfect candidate for the position. If participants
finished before the five-minute mark, the were instructed to continue. After the speech,
participants were asked to serially subtract the number 13 from 1,022 as quickly and accurately
as possible until five minutes had passed. Each time the participant made an error, they were
instructed to start over from 1,022 (Kirschbaum, Pirke, & Hellhammer, 1993).
Results revealed that the TSST causes a stress response as demonstrated through
increases in stress markers including salivary cortisol Kirschbaum, Pirke, & Hellhammer, 1993).
Since its first utilization, this test has been shown to reliably induce a psychological stress
response as noted by both perceived stress test questionnaires and biological stress markers
(Dickerson & Kemeny, 2004; Kudielka & Wüst, 2010). This information makes the TSST a
valuable tool in stress research.
Since chronic activation of this system can lead to disease, it is beneficial for the stress
response to decrease quickly when stressors are no longer present. As the TSST can reliably
induce a measurable stress response, it can also be used to measure the decline in stress response
after exposure to psychological stressors. Extending this idea, the TSST can also be used to
compare stress response decline under normal conditions versus interventions. One simple
intervention that could prove useful in decreasing the stress response is participation in a yoga
practice (Ross & Thomas, 2010; Broad, 2012).
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Yoga and Stress
Though yoga practices vary greatly, the most popular type of yoga in the United States is
Hatha Yoga (Broad, 2012). Hatha Yoga encompasses any yoga practice which involves asana
(postures/movement) and pranayama (breath control) and can range from strenuous to low
impact in nature (Broad, 2012). Due to its dynamic nature and common claims of stress
reduction through utilization of the practice, yoga has continued to grow in the number of
studios, teachers, and students in recent years.
In a review conducted by Ross & Thomas (2010) several studies were evaluated to
examine the effectiveness of yoga and exercise on health outcomes including heart rate
variability, blood glucose, blood lipids, salivary cortisol, and oxidative stress (Ross & Thomas,
2010). Findings from this review suggested that health outcomes of yoga treatment groups were
better than or equal to those experienced in exercise treatments in each of these areas, but not in
areas of physical fitness. Although these results are promising, it must be noted that the studies
reviewed varied greatly in design. Types of yoga utilized were not consistent in utilization of
both asana and pranayama, intensity of practice, or length of practice implemented (ranging from
one single session up to six months of consistent practice).
Of the studies included, only two were single session studies, and only one single session
study measured cortisol concentrations in response to Hatha Yoga. This single session study
evaluated changes in perceived stress and salivary cortisol from baseline after a single session of
Hatha Yoga, African dance, or a college lecture (West et al., 2004). Results suggest a reduction
in perceived stress from participation in Hatha Yoga and African dance, while decreases in
salivary cortisol were only observed from participation in Hatha Yoga (West et al., 2004).

6

This difference in response is of importance when designing a study to measure stress
response through cortisol. Although exercise has been shown to have long term health benefits
(Hackney, 2006), the immediate changes that occur in the body during physically challenging
exercise can result in short term increases in cortisol (Hackney, 2006). A study conducted by
Hill and colleagues (2008) however, suggests that this increase depends on the intensity of
exercise. Results of this study showed that cortisol levels dropped during low intensity sessions
(exercise at ≤ 40% VO2MAX), while levels increased for moderate and high intensity exercise
(exercise at ≥ 60% VO2MAX) (Hill et al., 2008). This indicates taking part in low intensity
exercise does not cause the same short-term cortisol increase seen during moderate to high
intensity exercise (Hill et al., 2008).
Another way to avoid cortisol increase during exercise, that is commonly utilized during
a yoga practice, is diaphragmatic breathing (Gerritsen & Band, 2018; Hazlett-Stevens & Craske,
2003). This type of respiration involves deep, purposeful breath using the diaphragm (HazlettStevens & Craske, 2003), and has been shown to activate the PSNS through vagus nerve
stimulation (Hazlett-Stevens & Craske, 2003). This PSNS activation works to decrease the
stress response, as demonstrated through lowered cortisol concentrations (Ulrich-Lai & Herman,
2009). Gerritsen & Band (2018) suggest that this focus on controlled breathing can also act to
signal the HPA axis that a stress response is no longer necessary via the limbic system. In this
way, diaphragmatic breathing can have both indirect (i.e., bottom-up) and direct (i.e., top-down)
effects on the stress response system that encourage decreased activation (Gerritsen & Band,
2018).
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The Present Study
Chronic activation of the stress response system has been linked to many negative health
aspects (Cohen, Janicki-Deverts, & Miller, 2007). One simple, non-invasive treatment that has
been suggested to help calm the stress response system is participation in yoga (Ross & Thomas,
2010). Although it has been shown that a single session of Hatha Yoga could decrease cortisol,
this decrease was observed from baseline measures (West et al., 2004). The present study aimed
to expand on current research by exploring whether participation in a single gentle yoga
sequence following stress exposure could decrease the stress response more quickly than occurs
naturally. This gentle yoga practice was defined as low intensity Hatha Yoga, with beginner
level asana to avoid cortisol increases observed in physically challenging exercises (Hill et al.,
2008). The practice also utilized diaphragmatic breathing which has been shown to downregulate the stress response system (Gerritsen & Band, 2018).
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MATERIALS AND METHODS

Participants
This study utilized a sample of college students from a midwestern university (N = 63).
Participant ages ranged from 18 to 34 years (M =19.89, SD = 2.83), with 22 participants
identifying as male and 40 participants identifying as female. One participant chose to not
specify gender. Participants were primarily of Caucasian descent (73% Caucasian and < 1%
American Indian, African-American/Black, Biracial, Hispanic/Latino, Asian/Asian-American,
and Other). Participants were randomly assigned to conditions resulting in 32 participants in the
yoga condition and 31 participants in the control condition.

Procedure
This study was approved by Missouri State University’s Institutional Review Board on
January 17, 2019 (study number IRB-FY2019-380, see Appendix A). Two lab members were
present to run each participant; one of which took the role of the judge and one which took the
role of the researcher. The researcher was there to guide the participant through the study with
instructions and collect saliva samples. The judge was there to facilitate social-evaluative stress
during the TSST and set timers throughout the course of the study. To begin the study, the
participant was taken into a room with a two-way mirror through which they could be observed
when the researcher was not in the room. This two-way mirror was used to monitor participants
for assurance they were not compromising the study (i.e., using electronics, not participating,
etc.). Participants were instructed to leave all belongings included electronics at a table by the
door and were unable to access them during the study. They were then asked to sign an
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informed consent which described the study (Appendix B) and give a saliva sample to measure
baseline cortisol concentrations (Time 1~ zero minutes). Next, they took part in a revised
version of the TSST to induce a stress response measurable through salivary cortisol.
For the TSST, participants were given a pen and piece of paper, then told that they would
have 10 minutes to prepare before giving a five-minute speech about why they were qualified for
their dream job in front of judges. The researcher then left the participant alone in the room to
prepare (anticipatory stress period). After the 10-minute preparation, the researcher and the
judge entered the room. The judge then asked the participant to begin their speech and told them
that a timer would go off when their time was up. If the participant stopped speaking before the
time was up, the judge would encourage them to keep talking by saying, “You still have some
time left. Please continue.” Each subsequent time they stopped before the time was up, the judge
would wait ~20 seconds then say, “Please continue.” When the five-minute speech was up, the
participant would undergo five minutes of mental arithmetic. For this portion, the judge would
ask the participant to begin at the number 1,051 and count backwards, subtracting 13 each time.
Any time the participant gave an incorrect answer, the judge would say, “That is incorrect.
Please start again at 1,051.” Both the judge and researcher were instructed to have neutral
expressions throughout this portion of the study to facilitate social evaluative stress for the
participant. Upon completion of the TSST, both the judge and researcher left the room.
Participants were told to wait quietly until the researcher returned.
The researcher then returned 10 minutes later and asked the participant to give a second
saliva sample measuring cortisol levels from stress response (Time 2 ~ 30 minutes) as this has
been shown to be the time frame in which salivary cortisol peaks after the TSST (Gordis,
Granger, Susman, & Trickett, 2006, Kirschbaum, Pirke, & Hellhammer, 1993). After this
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sample collection, the conditioned segment of the study commenced. Participants were
randomly assigned to the yoga or control condition. Participants assigned to the yoga condition
were asked to take part in a 30-minute gentle yoga sequence. Before beginning the video for the
participant, the researcher laid out two yoga mats lengthwise touching and placed a woven
blanket on top which covered the mats. Participants were then instructed they could remove
their shoes and have a seat on the mat where a laptop was placed in front of them with the yoga
video pulled up via a web link. The video included visual demonstration as well as audio
instruction for participants to follow and was specifically designed for this study by a certified
yoga therapist (Sweere, 2019). Participants were asked to play the video and follow along when
the researcher left the room. They were also instructed to simply skip anything in the sequence
they found uncomfortable and to simply focus on breathing during that time. Participants
assigned to the control condition watched a 30-minute segment of the movie March of the
Penguins (Jacquet, 2005). The segment shown was considered a non-emotion inducing and
essentially showed penguins walking/swimming with narration of day to day life. It was decided
that a neutral movie would be the best option for the control group in this study as both visual
and audio were used in the experimental condition. Participants were asked to play the video
and watch quietly when the researcher left the room.
When the conditioned segment was complete, the researcher returned to the room and
asked the participant to give a third saliva sample. This sample was taken to measure the initial
decreases in stress response after stress exposure (Time 3 ~ 60 minutes) as this has been shown
to be the time at which cortisol levels begin to decline following the TSST (Gordis, Granger,
Susman, & Trickett, 2006, Kirschbaum, Pirke, & Hellhammer, 1993). The researcher then
accessed a Qualtrics link with all questionnaires to be completed including a demographic
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questionnaire; an acceptance and action questionnaire; a depression, anxiety, and stress scale;
and a personality inventory (Appendices C-F). They asked the participant to take their time
completing the questionnaires and let them know that they would return in 30 minutes to collect
one last saliva sample, then left the room again. Although participants were asked to complete
these questionnaires, analysis regarding the questionnaire results outside of demographic
information was not a focus of this thesis. Exploratory analysis will be performed at a later date
to determine whether relevant differences exist between any factors evaluated and stress
response.
Thirty-minutes after the third sample, the researcher returned and asked the participant to
give a fourth sample (Time 4 ~ 90 minutes). This sample was used to measure a secondary
decrease in stress response as this is the time at which salivary cortisol has been shown to decline
to approximately baseline following the TSST (Gordis, Granger, Susman, & Trickett, 2006,
Kirschbaum, Pirke, & Hellhammer, 1993). After the sample was collected, the researcher
debriefed the participant, telling them that the speech and mental arithmetic portions of the study
were intended to elicit a stress response, while the yoga condition was intended to reduce stress
response. The researcher then ensured all samples were labeled with the correct participant
number and collection time. Samples were frozen for later immunoassay analysis. A summary
of all time-markers for saliva samples may be found in Table 1 below.

Salivary Cortisol
According to Salimetrics, LLC (2019), many factors can influence salivary cortisol
including: consumption of foods with high sugar, acidity, or caffeine close to the time before
sample collection; consumption of alcohol, caffeine, nicotine, or medications within 12 hours
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before collection; brushing teeth or eating meals within 60 minutes before collection; and
drinking water within 10 minutes before collection. Due to these many possible confounds,
participants were instructed to not have food, caffeine, alcohol, or tobacco within two hours
before the start of their session.

Table 1. Time-markers for saliva samples.
Component

Time-Marker

Time 1 (Baseline)
Anticipatory Period
TSST

0 minutes
0 – 10 minutes
10 – 20 minutes

Time 2 (Peak)

30 minutes

Time 3 (Initial Decline)

60 minutes

Time 4 (Return to Baseline)

90 minutes

Time of day can also confound results when measuring salivary cortisol (Kelly, et al.,
2008). This is relevant as salivary cortisol concentrations follow a circadian rhythm, peaking
approximately 30 minutes after awakening and falling off after about two hours (Kirschbaum,
Pirke, & Hellhammer, 1993; Kelly et al., 2008). For this reason, the present study was only
conducted between the hours of 12:00 PM and 6:00 PM, and conditions were randomized
between time slots.
Saliva collection was accomplished using a passive drool method. To collect passive
drool sample, the participant was given a small plastic Sallivite tube with volume markings (in
mL) and a straw. They were then instructed to not ‘work-up’ saliva in their mouth, but instead to
wait for saliva to collect in their mouth, then add it to the tube using the straw provided.
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After the participant completed the study, their saliva samples were grouped and put in
the freezer at -20˚C to be preserved for later analysis (Salimetrics LLC, 2019). Samples were
then picked up by a local company for immunoassay analysis. This analysis is used to measure
unbound, active, cortisol which Gozansky, Lynn, Laudenslager, & Kohrt (2005) argue better
represents the dynamic changes that occur with HPA axis activation.

Questionnaires
Although participants were asked to complete the following questionnaires, analysis
regarding the questionnaire results outside of demographic information was not a focus of this
thesis. Exploratory analysis will be performed at a later date to determine whether relevant
differences exist between any factors evaluated and stress response.
Demographic Questionnaire. This questionnaire asked participants to disclosure basic
information about themselves, such as age, gender, grade, ethnicity, etc. Other questions
included questions about when the participant had eaten, consumed caffeine or nicotine, whether
they practiced meditation, etc. For a complete list of questions please see Appendix C.
Acceptance and Action Questionnaire II (AAQ-II). This questionnaire includes seven
items in which participants were asked to rate how truthful each statement was for them on a
scale of 1 (never true) to 7 (always true). This questionnaire assesses psychological inflexibility
with a mean alpha coefficient of .84, and 3- and 12-month test-retest reliability of .81 and .79
(Bond et al., 2011). To score, ratings are added together to find a total, with higher total scores
indicating more psychological inflexibility (Bond et al., 2011).
Depression, Anxiety, and Stress Scale (DASS 21). This questionnaire includes a list of
21 items which are classified as symptoms of depression, anxiety, or stress (i.e. seven items that
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relate to each disorder). When completing this questionnaire, participants were asked to rate
how often each of these symptoms applied to them over the past week on a scale of 0 (never) to 3
(almost always). To score, ratings for each disorder are summed based on the seven items
considered symptoms of that disorder for a result of three separate severity scores (i.e. one
severity score for depression, one for anxiety, and one for stress). Higher scores indicate higher
severity in symptoms for the associate factor. These totals are each multiplied by two to find
scores in the same scale as that of the original 42 item DASS created by Lovibond & Lovibond
(1995). The DASS-21 has been shown to have an excellent three factor structure, and actually
seems to have lower intercorrelations between factors as well as higher mean loadings and fewer
cross-loading items than the 42 item DASS (Antony, Bieling, Enns, & Swinson, 1998).
Cronbach’s alphas for the DASS 21 subscales have been noted as .94, .87, and .91 for
depression, anxiety, and stress respectively (Antony, Bieling, Enns, & Swinson, 1998).
International Personality Item Pool (IPIP). This questionnaire consists of 100 items;
20 items for each of the “Big Five” personality traits Extraversion, Agreeableness,
Conscientiousness, Neuroticism, and Openness. To complete this scale participants were asked
to rate how accurate each item was to them on a five-point scale ranging from very inaccurate to
very accurate. Coefficient alphas for Extraversion, Agreeableness, Conscientiousness,
Neuroticism, and Openness for the 100 item IPIP were found to be .91, .88, .88, .91, and .90
respectively, with low intercorrelations (mean intercorrelation = .31) (Goldberg, 1992). Reverse
scoring is conducted on denoted items and scores calculated for each “Big Five” trait, with
higher scores indicating higher associations with traits.
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RESULTS

In total, 63 students participated in this study (N control = 31, N yoga = 32). Salivary
cortisol concentrations for each participant, at each time point, were obtained though
immunoassay analysis performed by a local laboratory. Data cleaning was performed using
these cortisol concentrations prior to statistical analysis. One participant was excluded from the
study due to missing data, and five participants were excluded due to outlier status.
The present study defined outliers as participants with cortisol concentrations more than
two standard deviations away from the mean at any time point. This cutoff of two standard
deviations has been utilized previously to lessen the impact of the many factors which can affect
cortisol concentration measurements (Herbert et al., 2012). Exclusion of participants due to
missing data and outlier status resulted in resulted in N = 57 to be included in subsequent
analyses (N control = 29, N yoga = 28). Cortisol concentrations were found to be positively
skewed. To correct for this, a natural log transformation was performed for concentrations at
each time point (Gordis, Granger, Susman, & Trickett, 2006). To help account for these
confounds and natural variation in cortisol concentrations between individuals, change scores
between collection times were utilized (Kelly et al., 2008). These change scores were calculated
by difference in natural log concentrations between time points.
Comparisons of focus were Time 2 – Time 1, Time 3 – Time 2, Time 4 – Time 3, and
Time 4 – Time 2. The change score for Time 2 – Time 1 measured ‘activation’ of stress
response (i.e., peak stress response observed due to the TSST). The change score for Time 3 –
Time 2 measured ‘initial decrease’ in the stress response (i.e., decrease in stress response 30
minutes after peak). The change score for Time 4 – Time 3 measured ‘secondary decrease’ in
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stress response (i.e. decrease in stress response from 30 minutes after peak to 60 minutes after
peak). The change score for Time 4 – Time 2 measured ‘total decrease’ in stress response (i.e.,
decrease from peak stress response to 60 minutes after peak). A summary of average change
scores can be found below in Table 2, and a graph displaying these change scores can be found
in Figure 1.

Table 2. Change scores utilized and descriptives for condition change scores.
Change Score
Activation

Calculation
ln(Time 2) – ln(Time 1)

Condition
Control
Yoga

N
29
28

M
0.19
0.39

SD
0.59
0.57

SE
0.11
0.11

Initial Decrease

ln(Time 3) – ln(Time 2)

Control
Yoga

29
28

-0.08
-0.27

0.34
0.39

0.06
0.07

Secondary Decrease

ln(Time 4) – ln(Time 3)

Control
Yoga

29
28

-0.04
-0.21

0.20
0.29

0.04
0.05

Total Decrease

ln(Time 4) – ln(Time 2)

Control
Yoga

29
28

-0.12
-0.45

0.35
0.48

0.06
0.09

In order to assess whether the TSST did induce a stress response in participants, a paired
sample t-test was utilized. Results of the test indicate a significant increase in cortisol
concentrations from Time 1 (M = -1.723, SD = 0.485) to Time 2 (M = -1.438, SD = 0.0.572),
t(56) = 3.70, p < .001, d = 0.49. This indicates a stress response was initiated by the HPA axis as
indicated by an increase in cortisol concentrations. In order to assess whether this stress
response differed between conditions, an independent t-test was utilized. Results of the test
indicate no significant difference in change scores for Time 2 – Time 1 between conditions, t(55)
= 1.31, p = .196, d = 0.347. This indicates the control (M = 0.187, SD = 0.589) and yoga (M =
0.387, SD = 0.567) conditions exhibited an equal increase in cortisol after exposure to the TSST.
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Difference in Cortisol Concentrations

1.5
Control

1

Yoga

0.5
0
-0.5
-1
-1.5

Activation
Initial Decrease
(Time 2 - Time 1) (Time 3 - Time 2)

Secondary
Total Decrease
Decrease
(Time 4 - Time 2)
(Time 4 - Time 3)
Change Score

Figure 1. Average cortisol change scores by condition. Negative change scores denote
decreases in cortisol concentration.

A series of independent sample t-tests were conducted to compare the change scores
measuring the decline of cortisol after stress exposure between the yoga and control conditions.
The ‘initial decrease’ was found to be greater in the yoga condition (M = -0.27, SD = 0.39) than
the control (M = -0.08, SD = 0.34), t(55) = 2.01, p = .050, d = 0.53. This indicates that cortisol
concentrations decreased more in the yoga condition than the control during the ‘initial decrease’
between Time 2 and Time 3. The ‘secondary decrease’ was also greater in the yoga condition
(M = -0.21, SD = 0.29) than the control (M = -0.04, SD = 0.20). For this comparison, a Welch’s
corrected t-statistic was used to account for unequal variances (Levene’s p = .028), t(48.10) =
2.49, p = .016, d = 0.66. This indicates that cortisol concentrations decreased more in the yoga
condition than the control during the ‘secondary decrease’ between Time 3 and Time 4. In
addition, the ‘total decrease’ was greater in the yoga condition (M = -0.48, SD = 0.48) than the
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control (M = -0.12, SD = 0.35). A Welch’s corrected t-statistic was used again to account for
unequal variances (Levene’s p = .044), t(48.79) = 3.21, p = .002, d = 0.85. This indicates that
cortisol concentrations decreased more in the yoga condition than the control during the ‘total
decrease’ between Time 2 and Time 4. A summary of independent t-test results for all
comparisons made may be found below in Table 3.

Table 3. Independent sample t-tests comparing change scores.
Change Score

t

df

p

M
SE diff
diff
-0.20
0.15

95% CI for
M diff
[-0.51, 0.11]

Cohen’s
d
-0.35

Activation
(Time 2 – Time 1)

-1.31

55

.196

Initial Decrease
(Time 3 – Time 2)

2.01

55

.050

0.20

0.10 [4.32 e-4, 0.39]

0.53

2.49*

48.10

.016

0.16

0.07

[0.03, 0.29]

0.66

Total Decrease
3.21*
(Time 4 – Time 2)
*Welch’s corrected t-statistic

48.79

.002

0.36

0.11

[0.13, 0.58]

0.85

Secondary Decrease
(Time 4 – Time 3)

Analysis regarding the questionnaire results outside of demographic information was not
a focus of this thesis. Exploratory analysis will be performed at a later date to determine whether
relevant differences exist between any factors evaluated and stress response.
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DISCUSSION

Conclusions
The human stress response system serves an important purpose in preparing the body to
deal with stress in the short term (McEwen & Stellar, 1993). However, when this system is
activated too frequently or for extended periods of time, disease can result (Cohen, JanickiDeverts, & Miller, 2007). For this reason, it is important that this stress response be regulated
efficiently. Recently, yoga has gained popularity among a wide variety of people, largely due to
claims of stress reduction and improved health (Broad, 2012). Although it has been shown that a
single session of Hatha Yoga could decrease cortisol (West et al., 2004), this decrease was
observed from baseline measures, not after stress exposure. The present study aimed to expand
on current research by exploring whether participation in a single gentle yoga sequence
following stress exposure could decrease the stress response more quickly than occurs naturally.
Findings support the research hypothesis that taking part in a gentle yoga sequence
following exposure to a psychological stressor could help decrease the stress response more
quickly. This was shown by larger decreases in cortisol concentrations for participants in the
yoga condition during the ‘initial decrease,’ ‘secondary decrease,’ and ‘total decrease,’ as
indicated by independent t-test results. These results suggest that taking part in one 30-minute
gentle yoga practice can down-regulate the stress response system more effectively than occurs
naturally. Larger decreases observed also indicate more efficient cessation of the stress response
after activation.
Results from this study add to current information by suggesting a gentle yoga practice
can not only reduce stress from baseline but can also help reduce the stress response more
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efficiently after activation. Although more research is needed to determine the exact
mechanisms that lead to this efficient decrease in stress response, it is hypothesized that both the
focus on linking breath to movement and utilization of diaphragmatic breathing played a role.
Gerritsen & Band (2018) previously suggested top-down effects on the HPA axis through focus
on controlled breathing in addition to the bottom-up effects that occur through vagal stimulation
(Ulrich-Lai & Herman, 2009). The heightened focus it takes to link controlled breath with
movement that is utilized in gentle yoga could lead to increased top-down regulation of the HPA
axis, and more efficient regulation of the stress response.
This increased regulation of the stress response system through gentle yoga could be
beneficial in preventing disease that occurs due to ‘allostatic overload’ (McEwen, 2008; Cohen,
Janicki-Deverts, & Miller, 2007). In the present day, many individuals experience frequent, high
levels of psychological stress causing chronic stress system activation. Utilization of a short
gentle yoga sequence following stress exposure is an efficient, accessible method to counteract
chronic stress system activation and lead to improved health and well-being.

Limitations
Using a broader population (i.e., larger age range, more even male/female ratio, etc.)
would be beneficial in generalizing these results to a larger population. More confounds that
affect samples could also have been accounted for to ensure samples were not affected such as
asking about when participants had brushed their teeth, last consumed water, consumed alcohol,
taken medications, and had foods with high sugar or acidity (Salimetrics LLC, 2019). This study
was conducted by primarily female researchers and judges, which could influence social
evaluative stress experienced by participants as well. Although conditions were randomized
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between times lab members could be there, this was unavoidable as the lab group was almost
entirely female. Another potential influence is that there was no initial rest period to ensure that
initial cortisol levels were actually at baseline and no awakening time was recorded to determine
how this could have influence initial cortisol concentrations.

Future Directions
Future directions for this area of research include performing exploratory analysis using
questionnaire data gathered, as well as doing a comparison study for a biofeedback stress
reduction study which utilized this same design. It would also be beneficial to perform this study
with more participants and evaluate whether participants respond better to different treatments at
different times in the day.
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Attachment A

Appendix B. Informed Consent
Informed Consent
TITLE: Learning to Relax: Changing the Stress Response
INVESTIGATORS: Dallas Robinson, B.S., Missouri State University
Tabetha Hopke, B.S., Missouri State University
Amber Abernathy, Ph.D., Missouri State University
PURPOSE: The purpose of the study is to better understand the stress response and how to
reduce it through different relaxation techniques.
VOLUNTARY: This study is completely voluntary. You may refuse to answer any questions or
choose to withdraw from participation at any time without any penalty or loss of benefits to
which you are otherwise entitled.
WHAT DO YOU DO? Participants will be taking part in a mock job interview and a mathbased activity. They will then be randomly selected to learn a computer based relaxation
technique, a yoga based relaxation technique, or be allowed to relax on their own. Saliva will be
collected four times to assess stress levels. Participants will then complete a series of
questionnaires through Qualtrics, an online computer program.
RISKS: This project contains minimal risks. There may be some discomfort during the mock
interview and math activity.
BENEFITS: Participants will learn and practice different ways to relax, which may lead to a
reduction in overall stress levels and an increase in ability to handle stress. Participants will
receive compensation in the form of research credit or extra credit.
CONFIDENTIALITY: Your answers are entirely confidential, and will not be revealed to
anyone other than the researchers conducting the study. Only your arbitrary participant
identification number will link you to data you provide. Your confidentiality will be maintained
in that your name will not appear on the survey or in the published study itself. Any written
results will discuss group findings and will not include information that will identify you.
Research records will be stored securely and only researchers and individuals responsible for
research oversight will have access to the records. Data will be stored on a secure computer
with file encryption software for three years after the study completion.
CONTACTS: If you have any questions regarding the study, please contact Dallas Robinson at
Robinson772@live.missouristate.edu
You have read and fully understand the consent form. You attest that you sign it freely and
voluntarily.
____________________________________________
Signature
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_________________
Date

Attachment B

Appendix C. Demographic Questionnaire
Please Circle The Answers Below That Best Represent You Currently

1.) I am

18

19

20

2.) I am

21

22

male

23

24

25

female

3.) Relationship Status:
Married

Cohabitating

Relationship

Divorced

Dating

Widowed

Committed

Single

4.) Your ethnicity:
Caucasian
Hispanic/Latino

American Indian

African-American/Black

Asian/Asian-American

Biracial

Other

5.) Your current grade level (select one):
___ Freshman
___ Other

___ Sophomore
___ Graduate student

___ Junior
___ Senior
___ Not applicable

6.) Please estimate your income:
___ $0 - $10,000
___ $30,000 - $40,000
___ $60,000 - $70,000

___ $10,000 - $20,000
___ $40,000 - $50,000
___ $70,000 - $80,000

___ $90,000 - $100,000 ___ $100,000-$110,000
7.) Do you smoke or use nicotine?

____Yes

___ $20,000 - $30,000
___ $50,000 - $60,000
___ $80,000 – 90,000
___ $ Over $110,000

____No

8.) How long ago did smoke or use nicotine?
___ 0 – 30 min ___ 30 – 60 min

___ 1 – 2 hours ___ 2 – 3 hours

___3 – 4 hours ___ 4 – 5 hours ___ 5 – 6 hours ___ 6 – 7 hours ___ 7+ hours
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26+

9.) How long ago did you have caffeine?
___ 0 – 30 min ___ 30 – 60 min

___ 1 – 2 hours ___ 2 – 3 hours

___3 – 4 hours ___ 4 – 5 hours ___ 5 – 6 hours ___ 6 – 7 hours ___ 7+ hours

10.) How long ago did you eat?
___ 0 – 30 min ___ 30 – 60 min

___ 1 – 2 hours ___ 2 – 3 hours

___3 – 4 hours ___ 4 – 5 hours ___ 5 – 6 hours ___ 6 – 7 hours ___ 7+ hours

11.) How many days/ week do you typically exercise?
___ 1

___ 2

___3

___ 4 ___ 5 ___ 6

___ 7

12.) Do you practice any form of meditation or mindfulness? ___ Yes ___No

Appendix D. Acceptance and Action Questionnaire II (AAQII)
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Appendix E. Depression, Anxiety, and Stress Scale (DASS 21)
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Appendix F. International Personality Item Pool (IPIP)
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